Sir, Administration of b-lactams by continuous infusion is gaining popularity as a simple approach to optimize their efficacy [the percentage of the dosing interval during which the free drug concentrations exceed the MIC (fT .MIC) being most closely linked to organism killing] and to facilitate serum concentration monitoring. The issue of instability of b-lactams in concentrated solutions needs, however, to be carefully addressed. To comply with the European Pharmacopoeia, b-lactam solutions should always contain at least 90% of intact molecule. We showed that carbapenems are quite unstable in concentrated (6.4 g/100 mL) aqueous solutions (10% degradation in 5 -6 h at 258C), 1 in contrast to ceftazidime, piperacillin or temocillin that are stable for 24 h at 258C, 20 h at 378C and .24 h at 378C, respectively.
1,2 Thus, carbapenems are commonly limited to a 3 h infusion only (extended infusion). Yet, clinical studies have appeared 3 -5 in which meropenem, administered by continuous infusion, has been stored for long periods with claims of stability if using dilute solutions and temperatures 258C. Here, we re-examine the stability of meropenem in dilute solutions at both 25 and 378C to better guide its potential clinical use by continuous infusion. We also analyse meropenem degradation using 1 H NMR spectroscopy, and extend our studies to doripenem, a recently registered carbapenem sharing many of the properties of meropenem and approved for use in a 4 h infusion scheme.
Meropenem and doripenem were obtained as the commercial powder preparations for injection [Meronem w (AstraZeneca) and Doribax w (Janssen-Cilag)]. For chromatographic studies, solutions were prepared in pyrogen-free water for injection under sterile conditions at concentrations varying from 1 to 9 g/100 mL for meropenem and at 1 g/100 mL for doripenem (limit of solubility; the maximal approved concentration for infusion in clinical use is set at 0.5 g/100 mL) and samples were incubated at 25 or 378C in sealed vials for up to 24 h. Chromatograhic analysis was carried out after diluting all samples to 50 mg/mL, and using standard HPLC equipment (Waters 2690) connected to a photodiode array detector (Waters Corp., Milford, MA, USA) and using a LiChrospher w 100 RP-18, 5 mm column with isocratic elution [acetonitrile/70 mM ammonium acetate buffer pH 5.0, 28:72 (v/v); 1 mL/min; linear response in 0-150 mg/mL range (R 2 .0.98)]. For NMR studies, meropenem and doripenem solutions [12.5 and 1.04 g/100 mL, respectively (for meropenem, the solution was heated at 378C for 10 min with stirring to ensure complete dissolution)] were prepared in D 2 O (deuterated water; Sigma-Aldrich, St Louis, MO, USA) supplemented with 0.05% trimethylsilyl propionate-d4 (sodium salt) as reference for calibration of NMR spectra. An NMR spectrum was acquired every hour on a sample left at 378C in a Bruker Avance DRX500 spectrometer operating at 500.20 MHz for 1 H and equipped with a 5 mm multinuclear inverse z-gradient probe (32 scans per spectrum, with repetition time of 3 s). The signal was Fourier transformed using an exponential multiplication function with a line broadening of 0.3 Hz to a final spectral resolution of 0.13 Hz per point. Figure 1 (top panels) shows the rates of disappearance of meropenem (4 g/100 mL) and doripenem (1 g/100 mL) upon incubation at 25 and 378C over 24 h (Figure 1a ) and the degradation observed at 12 h for meropenem solutions from 1 to 9 g/100 mL ( Figure 1b) . As observed previously, 1 meropenem degradation was both time and temperature dependent. We now show that it is also concentration dependent, reaching the threshold of 10% in 12 h at .4 g/100 mL at 258C and at all concentrations tested at 378C (the limit of 10% was reached in 6 h for a 6 g/100 mL solution at 258C and for a 4 g/100 mL solution at 378C). Doripenem (1 g/100 mL) was stable for 24 h at 258C and for 12 h at 378C. Figure 1 (bottom panels) shows the 1 H NMR spectra of meropenem (12.5 g/100 mL) in D 2 O before (top spectrum) or after a 24 h incubation at 378C (bottom spectrum), demonstrating major degradation after incubation. No marked perturbation in the NMR spectrum of doripenem (1.04 g/ 100 mL) was seen under the same incubation conditions.
Our study shows instability of meropenem when kept at 378C, but improved stability if: (i) the temperature is kept at 258C; and (ii) solutions of 4 g/100 mL are used. Doripenem seems more stable, but we could only test low concentrations because of solubility limits. Whilst controlling meropenem concentration is easy, controlling the temperature to 258C may be more difficult especially in tropical countries 6 or in situations where the containers used for infusion bags are placed close to the patient or other sources of heat. Clinicians need to be aware of these limitations in meropenem stability when using it for continuous infusion.
